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INTRODUCTION 
Agrostis palustris Huds., more commonly referred to as 
creeping bentgrass, finds widespread use on golf courses 
throughout much of the cool-humid region of the world for cover 
on the green and tee areas. In these locations a grass must 
withstand extremely close, frequent defoliation and concentrated 
foot traffic. Grass survival under these conditions often 
depends upon the use of high rates of nitrogen fertilization 
and abundant moisture supplies to promote vigorous growth. 
Plant tissue produced under these conditions is succulent and 
prone to injury from mechanical impact such as, foot and equip­
ment traffic, desiccation and disease. Attempts to reduce the 
succulence of the foliage by withholding nitrogen and water 
results in insufficient vigor to heal injured areas and main­
tain the close-knit surface desired on fine turf areas. 
Persons who grow turf professionally have continued to utilize 
extensive fungicide programs to control disease and judicious 
watering practices to control desiccation in order to minimize 
problems resulting from high nitrogen and water supply. 
In recent years, increasing concern has been paid to 
quantitative control of mineral fertilization of golf greens. 
This has been primarily due to changes made in the soil 
mixtures, used in constructing golf greens. In order to reduce 
soil compaction, current spectifications for greens construction 
require up to ninety percent sand in the soil mixes. This 
results in essentially a sand culture medium with very little 
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inherent fertility or exchange capacity. These characteristics 
of the rooting media make quantitative control of mineral levels 
and pH mandatory. Another factor which has made greenskeepers 
more aware of mineral nutrition is the increasing number of 
research reports which cite nitrogen and/or potassium as being 
instrumental in reducing mechanical, winter, drought and 
disease injury (1) (9) (36) (43). It has been suggested that 
perhaps a balanced fertilizer and watering program could, at 
least partially, supplant existing fungicide and watering 
procedures (47). 
It has been assumed that the injury reductions observed 
with alterations in nitrogen or potassium levels was due to 
increased differentiation or possible changes in the soluble 
sugars and/or nitrogen fractions within the plant tissues. 
However, specific information concerning turfgrasses, 
particularly the bentgrasses has not been obtained. 
The purpose of this study was to evaluate more critically 
the influence of nitrogen and potassium on the physiology, 
morphology and anatomy of creeping bentgrass. The influence 
of nitrogen and potassium on foliar and root growth, mineral 
content, nitrogen fractions, soluble sugars and cell wall 
components, was determined. Changes in morphology i.e. leaf 
and root width, length, thickness and leaf coloration were 
observed and described. Anatomical changes resulting from 
differential nitrogen and potassium supply were noted. 
3 
A solution culture technique was used for two reasons. 
First, it avoids the complicating effects of soil factors on 
level of applied minerals and secondly, it allowed examination 
of the root system during the course of the experiment. 
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REVIEW OF LITERATURE 
Nitrogen fertilization of turf has received major emphasis. 
It is considered an essential component of all management 
programs aimed at producing thick, uniform stands of bentgrass 
for use on recreational areas. The primary role of nitrogen 
in the plant is that of a structural component of proteins. 
When changes occur in the availability of this element to the 
plant, pronounced alteration in morphology and physiology of 
the plant are noted. 
Harrison (19) found that for bluegrass and fescue 
maintained as turf, nitrogen fertilization increased foliar 
growth but not root growth. He also reported that defoliation 
reduced the quantity of roots produced. Bentgrass responded 
similarly to nitrogen fertilization and defoliation (13) (44). 
Similar responses have been reported for other members of the 
Gramineae family (4) (17) (26) (54). Orchard grass roots 
penetrated deeper into the soil when no nitrogen was applied 
and when nitrogen was supplied root diameter increased but 
elongation was reduced. Defoliation was shown to halt root 
growth within 24 hours and root growth did not resume until 
top growth was replaced (39). Turner (58) found that excised 
roots supplied with sugar were not inhibited by nitrates. He 
concluded that lack of carbohydrates in the roots due to 
increased foliar growth was responsible for the lack of root 
growth observed with nitrogen fertilization, Bosemark (6) 
questioned this explanation and proposed that the effect of 
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nitrogen on top and root was due to auxin levels. At high 
nitrogen levels, rapid foliar growth increased auxin levels 
sufficiently to inhibit root growth. He found by adding an 
anti-auxin,*-parachlorophenoxyisobutric acid, to the solution 
cultures root inhibition by high nitrogen levels was prevented. 
The effect of nitrogen deficiency on plant response has 
been characterized by reduced fresh and dry weight yields, 
increased percent dry weights, decreased angle between stem 
and leaf, reduced tillering, yellowing of chlorophyll bearing 
tissues and early differentiation of tissues (57). 
Reduced protein synthesis resulted with decreased 
nitrogen supplies to the plant (3) (11) (15). With reduced 
protein synthesis, increased carbohydrate levels were observed 
in the plants. This gave an increase in percent dry weight 
attributable to reduced utilization of sugars for protein 
synthesis (3) (15) (24) (54). Gregory (16) has shown that 
assimilation remained fairly high and respiration was reduced 
in nitrogen deficient plants which would lead to still greater 
sugar accumulations. The presences of large quantities of 
sugar in the plant cells resulted in the formation of 
differentiation products (30) . These differentiation products 
produced by nitrogen deficient plants have resulted in possible 
increased tolerance to heat, drought, cold and disease. 
Lack of protein synthesis in nitrogen deficient plants 
resulted in reduced cell expansion and cell division, thereby 
reducing vegetative growth. Lutman (32) reported that nitrogen 
6 
deficiency was associated with small nuclei, small cell size 
and premature vacuolation in millet, buckwheat, and rape, 
respectively. For millet, the outer walls and cuticle were 
thinner and chloroplast size and number were reduced. 
When nitrogen was supplied to nitrogen deficient plants, 
decreases in percent dry weight occurred due to rapid carbo­
hydrate utilization for protein synthesis (3) (6) (24) (43). 
The added nitrogen promoted cell division and enlargement (32). 
Increasing nitrogen supplies to the plant also tended to 
increase the various nitrogen fractions within the plant i.e., 
total nitrogen, nitrate, ammonia, amino, amide, basic and 
protein nitrogen have been reported to increase as nitrogen 
supply increased (3) (11) (24). A concentration gradient has 
been reported for nitrogenous compounds within a plant (24). 
It appears as if meristematic tissues can mobilize nitrogenous 
compounds from older portions of the plant so that young 
expanding leaves contain relatively large amounts of nitrogen 
even if the plant is deficient (46)- However, rapid hydrolysis 
of the leaf proteins was noted so that efficiency of such 
leaves decreased rapidly with time (46). 
The effect of nitrogen on ash and mineral accumulation 
within the plant appeared to depend largely on the form in 
which nitrogen was supplied i.e., ammonium or nitrate. Sideris 
(52) reported that pineapple plants supplied only with ammonium 
nitrogen had significantly less ash than those supplied with 
nitrate nitrogen. This response was attributed to antagonism 
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between the ammonium ion and the other cations. Percent ash 
was also reported to increase with decreasing nitrogen supply. 
Arnon (2) and Kershaw (23) found that ammonium sources of 
nitrogen reduced potassium, calcium and magnesium content of 
plants. 
Varying nitrogen levels have been found to modify the 
response of turf grasses to various diseases. For bermuda 
grass and bentgrass grown with high levels of applied nitrogen 
winter-killing and snowmold disease were more severe (1) (36). 
Bloom (5) and Couch (10) found that Rhizoctonia brown patch 
was more severe at high nitrogen levels while Sclerotinia 
dollarspot responded in the reverse manner on bentgrass. 
Ophiobolus patch was reported to be more severe on seedling 
turf grown at high nitrogen levels, but on mature, established 
turf the reverse was true (14). Cheesman (7) reported that 
increasing nitrogen increased both the number of Helmintho-
sporium lesions and their size on bluegrass foliage. 
The role of potassium in the plant has not been as well 
defined as has t±e role of nitrogen. It does not form 
structural units within the plant and appears to exist largely 
in the ionic form (12). Potassium has been reported to function 
as an enzyme activator as well as a charge balancing ion. Next 
to nitrogen, potassium has been found in the greatest con­
centration in plant tissues. McCollum (35) has shown that 
potassium functions more effectively than other univalent 
cations in the activation of pyruvic kinase. A similar effect 
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has been demonstrated for the enzyme(s) systems responsible 
for incorporating glutamate into protein (62). 
Increasing potassium levels had less effect on yields than 
did nitrogen (17) (26) (34) . The response obtained appeared 
dependent on the physiological state of the plant. Potassium 
deficiency caused pronounced changes in plant growth habit (56). 
Apical dominance was broken and plants developed a bushy growth 
habit. Necrotic areas formed in leaf tissue severely deficient 
in potassium while in less severe cases the leaves developed a 
blue-green color which gradually faded to pale green, similar 
to nitrogen deficiency. Symptoms normally occurred first in 
older tissues. 
Gregory (16) reported that potassium deficient barley had 
increased respiration with decreased photosynthesis. Richards 
(46) found that succulence was increased when potassium was 
deficient i.e., percent dry weight decreased. 
Potassium deficient plants accumulated soluble sugars and 
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had less reserve carbohydrates (3) (9) (11) (21) (38) (59). 
Hartt (21) attributed this response to increased amylase 
activity in potassium deficient plants. Cooil (9) reported 
that the observed increase was due to lack of condensation of 
soluble sugars into storage forms. Nightingale (38) felt that 
increased sugars were due to reduced protein synthesis. With 
time the soluble sugar content of potassium deficient plants 
was seen to decrease to levels below that found in plants not 
suffering from potassium deficiency (38) (59) . 
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Soluble nitrogen compounds accumulated readily in 
potassium deficient plants (3) (9) (11) (21) (34) (38) (45) 
(32) (60). The general opinion of the authors was that the 
conversion of amino acids to proteins was curtailed. Richards 
(46), however, proposed that the increase in soluble nitrogen 
occurred because proteins already present were being hydrolyzed. 
Richards (45) identified the soluble nitrogen compounds found 
in potassium deficient barley and discovered that an increase 
in basic nitrogenous compounds i.e., amides, lysine, arginine 
and asparagine had occurred. Hackett (18) investigating the 
effect of basic compounds on barley found that putrescine 
caused necrotic spots on leaves similar to potassium deficiency 
symptoms. Wall (60) had reported that when potassium 
deficient plants were supplied with an ammonium nitrogen source 
leaf tissues developed necrotic areas. He attributed this to 
toxicity of accumulated ammonia in the tissues. MacLeod (34) 
has reported that potassium increased utilization of ammonia 
nitrogen. 
The effect of potassium on cell size was reported to be 
similar to the effect of nitrogen with the exception that 
differentiation was reduced (32). Hartt (20) found that 
increased potassium increased cutin and lignin in sugar cane 
leaves and prevented intercellular cavities in the roots. 
Liebhardt (28) reported that potassium deficiency increased 
lodging in corn due to progressive deterioration of parenchyma 
tissue in the pith region. Potassium content has been shown to 
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be inversely correlated with stalk strength (64). Stalk 
strength appeared to be dependent on differentiation products, 
such as, cellulose and lignin. 
Ash values were generally greater with high levels of 
applied potassium (50). Potassium has been reported to account 
for 25 percent of total ash in the plant (64). Adding 
potassium reduced uptake of calcium and magnesium by plants 
(23) (59) (61). Sideris (50) reported phosphorus to increase 
with potassium, but Wallace (61) reported that phosphorus 
increased with decreasing potassium supply. 
Increasing potassium has been reported to cause reduced 
injury from disease and environmental stress for turfgrasses 
(14) (36) (43). 
The responses obtained in nitrogen and potassium studies 
have indicated that nitrogen supply dominates the response 
obtained, the effect of potassium being most pronounced only 
in the presence of nitrogen. Plant species, age of tissue 
and length of time from the onset of deficiency have 
contributed to some of the reported variation in response (56). 
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MATERIALS AND METHODS 
Culture Set Up 
A preliminary experiment was performed in 1965 using a 
solution culture technique similar to that employed by Roberts 
and others (7) (43) (48). Each culture consisted of a glazed 
crock holding 3800 ml. of nutrient solution and a plexiglass 
lid to support the developing turf (Figure 1). Culture lids 
were 9 1/2" square with a 6 3/4" diameter hole in the center 
where turf was grown. A circular bottom frame 8" in diameter 
with forty 3/4" holes through which roots could grow and cover­
ed with a layer of fiber screen and a layer of glass wool, was 
attached to the top frame to provide support for the turf. 
The top frame was coated with aluminum paint to exclude light 
from the nutrient solution preventing algal growth. The 
granite chip seed bed used in previous work was replaced with 
32 mesh washed silica sand to provide a more satisfactory 
rooting medium for the stolons. 
Aeration was provided by electric compressors^  (one for 
each 27 cultures) which delivered air through a rubber tubing 
system to each culture. L-shaped 5 mm glass tubes were 
inserted through holes provided in the culture lid and the 
air delivery tubing attached to them. In order to maintain 
positive pressure in the aeration system, it was necessary to 
insert 2" lengths of 0.5 mm capillary tubing in the air line 
M^arco Air Pump manufactured by J. B. Maris Co., Bloomfield, N.J. 
Figure 1« Components of the culture lid. 
STOLONS 
SILICA SAND 
TOP FRAME 
GLASS WOOL 
SCREEN (FIBER GLASS) 
BOTTOM FRAME 
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of each culture. The air flow to each culture was approximately 
39 ml/min. 
Composition of the basic nutrient solution used for the 
establishment of turf on the culture lids by previous workers 
was altered to meet the specific requirements of this experi­
ment (Table 1) . 
Table 1. Macro element composition of the basic nutrient 
solution used to establish creeping bentgrass. 
Molarity 1 ppm in solution 
Salt of stock ml^  N P K Ca Mg S 
Ca(N03)2*4H20 0.5 88 72 104 
(NH^ JgSOt 0.5 34 28 30 
K2SO4 0.5 27 50 40 
NaH2P04«H20 0.5 25 23 
M&SO4.7H2O 0.5 28 20 26 
Total ppm 100 23 50 104 20 96 
1 Milliliters of stock solution required to make 17 liters 
of nutrient solution. 
In this formulation potassium sulfate (K2S0^ ) was used to 
replace the dibasic potassium acid phosphate (K2HP0^ ) and sodium 
dihydrogen phosphate (NaHgPO^ ) was used to maintain phosphorus 
levels. These changes resulted in an increase of 40 ppm 
sulfate in solution. It was decided to vary sulfate, an anion 
reported to cause no competitive effects, rather than chloride 
which is known to actively compete with nitrate and phosphate 
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absorption (25). The minor element composition of the solution 
was not altered from that used by previous workers (Table 2). 
Table 2. Minor element composition of the basic nutrient 
solution used to establish creeping bentgrass 
Molarity 
Salt of stock 
xlO-3 ml^  Fe B Mn Zn Cu Mo 
Fe2(S04)3*H20 .0 20 1.06 
H3BO3 .0 17 0 .10 
MnSO^ 'H^ O 4.5 
ZnS04.7H20 1.5 
0.25 
0.07 
CUSO4.5H2O 0.16 17 0.007 
(NH4)gMOy024'4H20 .016 0.0006 
Total ppm 1.06 0 .10 0.25 0.07 0.007 0.0006 
1 Milliliters of stock solution required to make 17 liters of 
nutrient solution. 
Citric acid was added to the iron solution to enhance the 
solubility of this element. The last four salts in Table 2 
were mixed in one stock solution. The pH of the standard 
nutrient solution was 7.4. 
Establishment 
Stolons were used in this study because Washington 
creeping bentgrass, the strain of Agrostis palustris used, 
does not produce seed. It was felt that by using a vegetatively 
propagated strain, variation due to heterogenous seed would be 
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eliminated. To provide the necessary quantity of stolons, six 
plugs of sod 3" in diameter were cut from a nursery area at 
the Iowa State University Horticulture Farm on September 15, 
brought to the greenhouse, potted in 6" clay pots and main­
tained in a vigorous state of vegetative growth by liberal 
applications of fertilizer and water. On January 14, 27 
culture lids were assembled and the aeration system connected. 
Stolons were prepared by removing them from the parent plants 
and dividing them into three inch segments containing a node 
at the basal end with its associated leaf sheath and blade. 
The cuttings were then stuck, nodal end first, into the silica 
sand using fifteen cuttings per culture lid (Figure 2). It 
was noted that cuttings taken from the more mature portions of 
the stolons had adventious roots present and rooted much more 
rapidly than cuttings from younger portions of the stolon. 
Three days after sticking the cuttings, roots appeared at the 
bottom of the culture lids and four days later axillary shoots 
were emerging from the leaf axils. To promote a dense turf a 
weekly clipping program at a height of one inch was initiated 
and continued until differential treatments were begun April 14. 
On the basis of previous work it was felt initially, that 
no fungicide program was required. However, on May 2 after 
differential treatments were started an unidentified fungus 
pathogen(s) caused severe damage to the developed turf (Figure 
3). There was no observable difference for injury between 
treatments and recovery of the grass was slow. It was also 
Figure 2, Overall view of preliminary experimental 
units 1 day after placing stolons. 
Figure 3. Injury to established turf by an 
unidentified fungus pathogen. 
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necessary to treat the cultures were chlordane for aphlds 
which were feeding on the roots underneath the culture lids. 
Differential Nitrogen and Potassium Treatments 
Treatments consisted of three levels each of nitrogen and 
potassium occurring in all combinations, giving a total of nine 
different treatments (Table 3). Levels were selected to give 
optimum, satisfactory and poor growth responses. It was 
apparent, however, that there was not a sufficient difference 
between potassium levels to give detectable differences in 
yield (Figure 4). As nitrogen levels decreased calcium sul­
fate was added to maintain a constant calcium supply. With 
decreasing potassium levels, sulfate was also decreased. 
Sulfate varied from 82 ppm in the low nitrogen-high potassium 
treatment. Minor element concentrations were maintained at 
the same levels as during establishment (Table 2). The pH of 
these treatment solutions was alkaline (7.6 - 7.8) and 
sulfuric acid was used to decrease pH to 7.1 to 7.0. To main­
tain mineral concentrations and pH at desired levels, the 
solutions were changed weekly. 
Final Experiment 
Based on results from the 1965 preliminary study a 
larger experiment was designed in 1966, consisting of eighty-
one cultures arranged in a randomized complete black design 
with nine replicates (Figure 5). The methods of assembly and 
establishment were identical to those used in the preliminary 
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Table 3. Concentration of chemical salts used for differential 
treatments in preliminary experiment 
Molarity •, ppm in sol. 
Treatments Salt of stock ml K N 
High Nitrogen Ca(N03)2*4H20 0.5 88 72 
(NH^ )2SO4 0.5 34 28 
Medium Nitrogen Ca(N02)2'4H20 0.5 44 36 
(NH^ )2 SO4 0.5 17 14 
CaS0^ *2H20 (3.6 gm/17 1.) -
Low Nitrogen CaCNOg) 2 22 18 
(NH^ )2 SO4 8.5 7 
CaS0^ '2H20 (5.5 gm/17 1.) -
High Potassium K2SO4 0.5 31 70 
Medium Potassium K2SO4 0.5 15 35 
Low Potassium K2SO4 0.5 7.7 17.5 
1 Milliliters of stock solution required to make 17 liters 
of nutrient solution. 
Figure 4. Response obtained at Medium nitrogen (50 ppm) 
with varying levels of potassium in 1965. 
Note lack of difference between High K 
(70 ppm). Medium K (35 ppm) and Low K 
(17.5 ppm). 
Figure 5. Overall view of experimental arrangement 
in greenhouse. 
22 
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work. The only differences were that establishment was begun 
one month earlier (Dec. 14 versus Jan. 14) and a preventive 
fungicide program was included to prevent a recurrence of the 
1965 disease outbreak. Earlier establishment was desirable so 
that differential treatments could be applied sooner and run 
longer into the spring. The fungicide program was initiated 
February 8 and consisted of spraying the culture lids at 14 day 
intervals with Ortho Lawn and Turf Fungicide^  equivalent to 4 
oz. of active ingredient/1000 sq. ft. of established turf. 
Potassium levels in the solutions were altered from those 
used in the preliminary study to provide a wider range of con­
centration (Table 4). Alteration of potassium also increased 
the variation in sulfate levels (32 ppm to 89 ppm). Con­
centrations of the other mineral elements were maintained at 
the same levels as in the preliminary study. 
Table 4. Concentration of potassium salts used in 1966 
experiment 
Molarity 
Salt of stock 
High potassium 
KgSO^  0.5 
Medium potassium 
K2SO4 0.5 
Low potassium 
ml. of stock ppm in solution 
17 1. of sol. K S 
44 100 21 
22 50 10.5 
0 0 0 
Differential treatments were started on March 17 and con­
tinued until June 9. Foliar harvests were made every two weeks. 
M^ixture of folpet, thiram and cadmium carbonate manufactured by 
Chevron Chemical Co., Ortho Division, Richmond, California. 
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Chemical Analysis 
Foliage harvests were weighed, then divided and one 
fraction dried in a forced air oven at 70° C. to furnish 
tissue for ash, percent dry weight and mineral determinations. 
The other fraction was killed in boiling 95 percent ethanol 
(calculated to give a final concentration of 80 percent 
ethanol) and stored at -10° C. until it could be analyzed for 
soluble sugars, nitrogen and cell wall fractions. 
The oven dried tissue was weighed to determine dry weight 
yields and then ground in a Wiley mill to pass a 60 mesh 
screen. Five gram samples were sent to the Ohio Research and 
Development Center at Wooster, Ohio for spectrographic mineral 
analysis. The following minerals were determined: K, Ca, Mg, 
Mn, Zn, Cu, Na, Fe, Si, P, B and Mo. Total percent ash and 
nitrogen were determined on 100 mg. samples using methods 
giving by Paech and Tracey (40). 
The tissue fraction preserved in 80 percent ethanol was 
filtered saving the filtrate and the residue placed in an 
extraction thimble and extracted four hours in a Soxhlet 
extractor with 300 ml. of 80 percent ethanol. The extract was 
combined with the original filtrate and the residue washed 
thoroughly with 3 portions of 80 percent ethanol. The washings 
were combined with the filtrate and the volume made up to 2 
liters for future analysis of total hexose and soluble 
nitrogen. 
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The residue was then washed twice with absolute ethanol 
and ether (l:l^ /v) and allowed to air dry. This fraction con­
tained cell wall material plus those portions of the protoplasm 
insoluble in 80 percent ethanol i.e. primarily proteins. It 
was ground to pass a 60 mesh screen and then analyzed for ash, 
protein, pectin, lignin and holocellulose by the procedures by 
Jermyn and Isherwood (22) (63). The analyses were conducted 
on treatment samples which were composited over harvest dates. 
This was necessary because the low nitrogen and potassium 
treatments did not yield sufficient tissue for a separate 
analysis on each harvest. The methods of this analysis are 
given in Appendix B. 
The filtrate was clarified using methods described by 
Loomis and Schull (31) and total hexose determined using the 
anthronesulfuric acid method (29) and total soluble nitrogen 
determined using a modified Kjeldahl procedure (40) using 0.5 
ml and 25 ml aliquots, respectively. The methods for this 
analysis are given in Appendix B. 
Morphological and Histological Methods 
Morphological and histological examination of leaf stem 
and root tissues were made at the conclusion of the experiment 
to determine if gross and/or microscopic changes had occurred 
due to treatments (Figures 6) . Representative samples of the 
roots, leaves and stolons of each treatment combination were 
removed from the plant, cut into 5 mm. lengths, killed and 
Figure 6. Stolon removed from culture lid for 
histological examination. 
a = node and internode which was sample 
b = location and portion of leaf sampled 
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fixed according to techniques described by Sass (49). FAÂ was 
used to kill and fix leaf and stem tissue and Craf 1 was used 
for root tissue. All tissues were carried through an alcohol 
dehydration series to xylene and infiltrated and embedded with 
Fisher tissuemat. Sections were cut at 10 microns on a rotary 
microtome, affixed to slides with Haupt's adhesive and stained 
with safranin 0 and fast green. Examination of the tissue was 
made and appropriate measurements and microphotographs were 
taken. 
Statistical Methods 
The treatments were arranged factorially with nine 
replicates of each treatment. Fresh, dry and percent dry 
weights were analyzed using the following model: 
Xijkl=M+ Ri + Nj - Kk + (NK)jk + + Ti + (NT). 
+ <KT)kl + (NKT)ji,1 +Eljkl 
where; M. = mean 
= replicates 
Nj = nitrogen levels 
Kj^  = potassium levels 
(NK)= nitrogen x potassium interaction 
Sijk ~ associated error term 
Tj^  = harves ts 
(NT)J 2^  = harvest x nitrogen interaction 
(KT)ki = harvest x potassium interaction 
(NKT)^  3 way interaction 
i^jkl ~ associated error 
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The model used for root weight analysis was as follows: 
yijk=-^  + Ri + Nj + Kk+ («K)jk+ Eijk 
where: >a. = mean 
= replicates 
Nj = nitrogen levels 
= potassium levels 
NKjj^  = nitrogen x potassium interaction 
lijk ® associated error 
For mineral, ash, and nitrogen and sugar analysis an 
assumption was made to allow analysis of data where only one 
determination was made per treatment. This assumption being 
that the NK and NKT interactions represent error components 
and, as such, can be used as error terms. The model was in 
this case: 
?ijk + Nk + Kj + (NK)y + Ik + Nlik + KTjk + 
where: >*>• = mean 
N^  = nitrogen levels 
Kj = potassium levels 
(NK)ij = used as associated error 
T^  = harvest 
NTik = nitrogen x harvest interaction 
KTjk ~ potassium x harvest interaction 
(NKT) j_jk = used as associated error 
The model used in the analysis of root diameter and leaf 
width was as follows: 
?ijk =>*• + Ri + Nj + 
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A*> = mean 
* replicates 
Nj = nitrogen levels 
= potassium levels 
(NK)jk ~ nitrogen x potassium interaction 
= associated error 
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RESULTS 
Growth Response 
Foliar growth of A. palustris for the nine treatment 
combinations is presented in Table 5. When averaged over 
treatments standard errors for differences in fresh weight, 
dry weight and percent dry weight were 0.89, 0.13 and 0.15, 
respectively. Standard errors given as line graphs on the 
figures were calculated from Cochran and Cox (8). ANOV is 
given in Appendix A, Table 19, Significant variation in 
foliar growth occurred between harvest dates (Figure 7). 
Fresh weight yields increased until May 12 and then declined. 
Dry matter accumulation was relatively constant for the 
duration of the experiment. Percent dry weights inversely 
followed fresh weight yields. 
The main effect of an increased nitrogen supply was to 
increase linearly fresh and dry weight yields and to decrease 
linearly percent dry weight (Table 5). High nitrogen levels 
appeared to delay the growth recession brought about by high 
temperatures in the greenhouse which occurred from 5/12 until 
6/9 (Figure 8). Fresh weight yields produced by medium and low 
nitrogen levels equaled the high nitrogen treatment on May 12, 
but declined rapidly afterwards. Dry matter accumulation for 
the high nitrogen cultures was relatively constant for the 
duration of the experiment, showing a slight increase with 
time. Medium and low nitrogen cultures produced equal quanti­
ties of dry matter through the experiment. Percent dry weights 
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Table 5. Treatment means for fresh, dry and percent dry 
weight yields of A. palustris foliage 
3/31 
Harvest Date 
4/14 
Treatments 
Fresh® Dry^  % Dry Fresh Dry % Dry 
13.29 2.38 17.91 16.20 2.54 15.68 
«A 13.97 2.40 17.18 18.57 2.81 15.13 
«1*3 13.59 2.50 18.40 11.37 2.01 17.68 
N2K1 14.48 2.52 17.40 13.37 2.09 15.63 
«2*2 14.09 2.56 18.17 14.12 2.20 15.58 
N2K3 9.10 1.86 20.44 7.71 1.38 17.90 
N3K1 13.09 2.40 18.33 14.49 2.28 15.73 
N3K2 12.53 2.42 19.31 12.52 2.07 16.53 
N3K3 10.56 2.07 19.60 8.22 1.50 18.25 
Means 12.74 2.34 18.53 12.95 2.10 16.46 
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Table 5 (Continued) 
Treatments 
Fresh 
4/28 
Dry 
Harvest Date 
% Dry Fresh 
5/12 
Dry % Dry 
NiKi= 20.36 2.80 13.75 18.66 2.61 14.00 
«A 21.18 2.81 13.28 21.40 2.83 13.22 
N1K3 11.87 1.81 15.25 13.44 2.02 15.03 
N2K1 18.27 2.54 13.90 25.28 3.32 13.13 
N2K2 19.91 2.71 13.61 21.00 2.79 13.28 
«2*3 7.16 1.12 15.64 9.31 1.43 15.36 
N3K1 16.04 2.33 14.53 20.50 2.66 12.98 
N3K2 15.74 2.39 15.18 21.89 3.03 13.84 
N3K3 7.29 1.18 16.19 9.61 1.39 14.46 
Means 15.31 2.19 14.59 17.90 2.45 13.92 
32b 
Table 5 (Continued) 
Treatments 
Fresh 
5/26 
Dry 
Harvest Date 
% Dry Fresh 
6/9 
Dry % Dry 
21.94 3.06 13.95 22.04 3.14 14.25 
NlKz 21.38 2.91 13.61 21.98 3.24 14.74 
N1K3 14.89 2.30 15.45 12.83 2.17 16.91 
«2^ 1 11.93 1.74 14.58 13.88 2.10 15.13 
NgKg 15.43 2.19 14.19 17.11 2.54 14.84 
NgKg 8.43 1.37 16.25 5.36 1.02 19.03 
H3K1 14.19 1.93 13.60 14.28 2.14 14.98 
«3^ 2 13.69 1.93 14.10 14.14 2.27 16.05 
N3K3 10.20 1.70 16.67 7.22 1.28 17.73 
Means 14.68 2.12 14.71 14.32 2.21 15.96 
32c 
Table 5 (Continued) 
Means 
Treatments Fresh Dry % Dry 
NiK^ ® 18.75 2.76 14.92 
N1K2 19.75 2.83 14.53 
N1K3 13.00 2.14 16.45 
NgKi 16.20 2.38 14.96 
NgKg 16.94 2.50 14.94 
7.84 1.36 17.44 
N3K1 15.43 2.29 15.02 
N3K2 15.08 2.35 15.84 
N3K3 8.85 1.52 17.15 
*Fresh weight yields of foliage in grams/culture 
D^ry weight yields of foliage in grams/culture 
= 100 ppm N, N2 = 50 ppm N, Ng = 25 ppm N and Kj. = 
100 ppm K, Kg = 50 ppm K, Kg = 0 ppm K 
Figure 7. Fresh and dry weight yields in grains per 
culture and percent dry weight per culture 
of A. palustris foliage at 2 week harvest 
intervals. 
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Figure 8. Fresh and dry weight yields in grams/culture 
of foliage compared at different nitrogen 
levels and harvest dates where 
- lOOppm, Ng = 50ppm = 25ppm. 
Figure 9. Percent dry weight of foliage compared at 
different nitrogen levels and harvest dates. 
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for the different nitrogen levels inversely followed the fresh 
weight yields (Figure 9). 
With increasing potassium supply fresh and dry weight 
yields were increased in a quadratic manner indicating possible 
growth inhibition by high potassium levels (Figure 10). No 
differences were observed between the high (K^ ) and the medium 
(Kg) potassium levels although the high level had slightly less 
foliar growth at most harvest dates. The low potassium level 
(Kg) gave significantly lower yields of foliage than the high 
(K^ ) or medium (K^ ) potassium cultures. This treatment did not 
vary significantly with harvest date. Medium and high 
potassium cultures appeared to recover slightly from the growth 
decline which occurred between the May 12 and May 26 harvests. 
Percent dry weight was the highest for the lowest (Kg) level 
of potassium (Figure 11), Percent dry weight of the high and 
medium cultures did not differ significantly. 
The foliar growth response of A, palustris to the 
individual treatment combinations is given in Figures 12 
through 17. The high nitrogen level (N^ ) extended vegetative 
growth further into the spring regardless of potassium level 
(Figure 12) which was not the case for the two lower levels 
of nitrogen (Figures 14 and 16). The ability of the plant to 
adjust to changes in the environment also appears to be 
reduced at the medium and low nitrogen levels since large 
fluctuations occurred in fresh and dry weight production 
which can only be explained by changes in the environment. 
Figure 10. Fresh and dry weight yields in grams/culture 
of foliage compared at different potassium 
levels and harvest dates where 
= lOOppm, K2 = 50ppm, and • Oppm, 
Figure 11. Percent dry weight of foliage compared at 
different potassium levels and harvest dates. 
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The low potassium cultures (Kg) accumulated significantly less 
fresh and dry weight than the medium or high potassium 
cultures at all levels of nitrogen. Percent dry weights for 
the high nitrogen level varied inversely with fresh weight 
yields (Figure 13). For most harvests the high potassium 
level caused a slight increase in percent dry weight over the 
medium level of potassium without a concomittant fresh weight 
increase indicating that high potassium was in some way reduc­
ing growth. At the medium nitrogen level rapid growth 
recession occurred with the onset of high temperatures in the 
greenhouse (Figure 14). Slight recovery was observed at the 
medium and high potassium levels, but no recovery occurred at 
the low potassium levels. Dry matter production was very low 
in the medium nitrogen - low potassium cultures. Percent dry 
weights inversely followed fresh weight yields (Figure 15). 
With low nitrogen supplies an abrupt decrease in fresh weight 
yields occurred with high and medium potassium levels (Figure 
16), At low potassium the low nitrogen culture did not decline 
in fresh weight yield to the degree that the medium and high 
potassium cultures did. Dry matter production was analogous 
to that produced by the medium nitrogen levels. Medium and 
high potassium levels appeared to halt growth recession while 
the low potassium cultures continued to decline. At low 
nitrogen levels increasing potassium levels significantly 
reduced percent dry weight (Figure 17). 
Figure 12, Fresh and dry weight yields in grains/culture 
of foliage compared at high nitrogen (N^ ) 
with varying potassium levels. 
Figure 13. Percent dry weight of foliage compared at 
high nitrogen (N^ ) with varying potassium 
levels. 
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Figure 14. Fresh-and dry weight yields in grains/culture 
of foliage compared at medium nitrogen (N^ ) 
with varying potassium levels. 
Figure 15. Percent dry weight of foliage compared at 
medium nitrogen (N^ ) with varying potassium 
levels. 
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Figure 16, Fresh and dry weight yields in grams/culture 
of foliage compared at low nitrogen (N^ ) 
with varying potassium levels. 
Figure 17. Percent dry weight of foliage compared at 
low nitrogen (Ng) with varying potassium 
levels. 
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The weight of roots produced under the various nitrogen 
and potassium regimes exhibited considerable variation between 
replicates. This resulted in a large experimental error 
(Appendix A, Table 20). Fresh weight yields of roots were 
reduced by increasing nitrogen levels (Table 6). High 
potassium levels appeared to inhibit root growth slightly as 
measured by fresh weight yields. Dry weight yields of roots 
were variable although the trends were the same as for the 
fresh weights (Table 6). The medium nitrogen and potassium 
treatment resulted in an increase in root dry weights over all 
other treatment combinations. Nitrogen levels had no effect 
on percent dry weight of roots (Table 6). Potassium levels 
resulted in a quadratic response with minimum percent dry 
weight occurring at the medium potassium level. 
Table 6. Treatment means for fresh, dry and percent dry 
weight of roots produced by Agrostis palustris 
in solution culture 
Treatment 
Fresh 
Weight 
(gms/culture) 
Dry 
Weight 
(gms/culture) 
Percent 
Dry Wto 
High N 11.65 1.49 12.84 
Medium N 12.08 1.55 12.84 
Low N 12.87 1.67 13.01 
High K 12.20 1.59 13.05 
Medium K 13.26 1.66 12.45 
Low K 11.14 1.47 13.18 
Means 12.20 1.57 12.80 
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Mineral Accumulation 
Mineral content of oven dry samples of A. palus tris 
foliage was significantly altered by varying the potassium and 
nitrogen supply to the plant. Potassium had a more pronounced 
effect on mineral content than did nitrogen. Analysis of 
variance tables for the individual mineral elements are given 
in Appendix A, Tables 21, 22 and 23. The actual mineral 
contents of the foliage for each treatment combination at 
every harvest date are presented in Tables 7, 8, 9 and 10. To 
aid in visualizing the nature of the responses to nitrogen and 
potassium levels the data has been presented graphically in 
Figures 18 through 20. 
As nitrogen levels increased potassium content of the 
foliage decreased linearly (Figure 18). Potassium content 
increased as potassium levels increased, but in a quadratic 
manner. With time the high (K^ ) and medium (Kg) potassium 
levels accumulated potassium and the low (K^ ) level showed a 
steady loss of potassium (Table 7). 
Percent calcium and magnesium content of foliage was 
decreased by increasing nitrogen and potassium supplies (Figure 
18). Calcium content increased from 0.97 percent initially to 
1.30 percent on May 26 and then decreased (Table 7). The 
foliage of the high nitrogen (N^ ) cultures accumulated calcium 
more slowly than did the medium (N^ ) and low (Ng) nitrogen 
cultures. The low potassium (K^ ) cultures accumulated more 
calcium over time than the high (K^ ) and medium (Kg) cultures. 
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Magnesium content increased until the May 12 harvest and then 
decreased (Table 7). The medium (N^ ) and low nitrogen (Ng) 
cultures increased in magnesium content to a greater extent 
than did the high nitrogen (N^ ). 
Sodium content of the foliage increased with increasing 
nitrogen levels and decreasing potassium levels (Figure 18). 
Sodium appeared to follow fresh weight yields (Table 5 and 
Table 8). When fresh weight yields were at a maximum so was 
sodium content. A significant interaction exists for 
potassium x harvest which was due to rapid increase in sodium 
content at the low potassium level with time. (Table 8). 
Accumulation of iron was not significantly altered by 
either nitrogen or potassium levels (Appendix A, Table 22). 
However, the trend was for decreasing iron with decreasing 
nitrogen and potassium levels (Table 8 and Figure 20). With 
time iron accumulation followed a complex, variable pattern. 
Manganese content of the foliage decreased with 
increasing potassium levels (Table 8 and Figure 20). Nitrogen 
levels had a quadratic effect on manganese accumulation. At 
the high (N^ ) and low (N^ ) nitrogen levels manganese_accumula­
tion in the foliage was depressed. The nitrogen x harvest 
and potassium x harvest interaction terms were significant 
(Appendix A, Table 22). When the data in Table 8 was 
summarized for main effects of nitrogen level over harvests 
no discernible trends were evident, A main effect of 
potassium level over harvest was evident at the low (K^ ) 
Table 7. Treatment means for potassium, calcium and magnesium content expressed 
as a percentage of the dry weight of A, palustris foliage 
Treatments K 
3/31 
Ca Mg K 
4/14 
Ca 
Harvest 
Mg K 
Date 
4/28 
Ca Mg K 
5/12 
Ca Mg 
NiKi 4 .04 0.86 0.51 4.56 0.88 0.52 4.32 0.79 0.51 3.54 0.95 0.64 
NA 4 .07 0.83 0.47 4.50 0.85 0.49 4.07 0.90 0.56 3.40 1.00 0.62 
N1K3 2 .65 1.10 0.52 2.17 1.39 0.61 1.69 1.42 0.70 1.50 1.25 0.66 
% 4 .25 0.81 0.48 4.63 0.79 0.50 4.52 0.81 0.54 4.06 0.91 0.68 
NgKg 3 .75 1.00 0.52 4.40 0.94 0.50 4.32 0.88 0.55 3.99 1.05 0.68 
NgKg 2 .71 1.16 0.55 2.32 1.36 0.62 1.79 1.42 0.74 1.76 1.64 0.87 
N3K1 4 .08 0.79 0.43 4.51 0.79 0.47 4.23 0.85 0.56 4.14 0.88 0.63 
N3K2 4 .03 0.94 0.50 4.45 0.84 0.49 4.17 0.88 0.55 4.04 1.00 0.64 
N3K3 2 .79 1.21 0.58 2.30 1.50 0.69 2.19 1.48 0.76 1.63 1.77 0.95 
Means 3.60 0.97 0.51 3.76 1.04 0.54 3.48 1.05 0.61 3.12 1.16 0.71 
Table 7 (Continued) 
5/26 
Harvest 
6/9 
Date 
Means 
Treatments K Ca Mg K Ca Mg K Ca Mg 
«A 4.26 0.81 0.44 4.23 0.62 0.44 4.16 0.82 0.51 
«A 3.87 1.03 0.51 3.87 0.77 0.50 3.96 0.90 0.52 
"A 1.51 1.55 0.63 1.30 1.28 0.64 1.80 1.33 0.63 
4.42 1.18 0.69 3.94 0.96 0.63 4.30 0.91 0.59 
% 3.99 1.39 0.74 3.92 1.02 0.60 4.06 1.05 0.60 
% 1.72 1.80 0.87 1.86 1.73 0.85 2.03 1.52 0.75 
N3K1 4.18 1.14 0.69 4.02 0.99 0.64 4.19 0.91 0.57 
N3K2 3.64 1.07 0.66 4.10 0.95 0.64 4.07 0.95 0.58 
% 1.83 1.73 0.80 1.80 1.75 0.83 2.09 1.57 0.77 
Means 3.27 1.30 0.67 3.23 1.12 0.64 
Figure 18. Cation accumulation as influenced by 
nitrogen and potassium supply expressed on 
a dry weight basis. 
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Table 8. Treatment means for iron and manganese content in parts per million and 
sodium expressed as a percentage of the oven dry weight of A. palustris 
foliage 
3/31 4/14 
Harvest Date 
4/28 5/12 
Treatments 1 Na Fe Mn Na Fe Mn Na Fe Mn Na Fe Mn 
NiKi 0.10 192 118 0.10 106 142 0.10 86 132 0.20 215 165 
N1K2 0.09 164 155 0.10 109 211 0.09 101 154 0.16 254 214 
N1K3 0.13 185 153 0.26 69 180 0.35 75 191 0.38 194 212 
N2K1 0.09 179 153 0.09 97 166 0.09 87 149 0.12 259 188 
N2K2 0.07 193 164 0.08 90 197 0.08 77 191 0.08 146 263 
N2K3 0.12 127 178 0.21 62 189 0.31 62 174 0.30 197 196 
N3K1 0.08 158 110 0.09 88 128 0.07 94 166 0.09 195 181 
N3K2 0.08 206 154 0.09 81 180 0.07 94 166 0.09 250 200 
N3K3 0.13 156 171 0.25 93 179 0.33 59 197 0.34 200 196 
Means 0.10 173 151 0.14 88 175 0.16 82 169 0.20 212 202 
Table 8 (Continued) 
5/26 
Harvest Date 
6/9 Means 
Treatments Na Fe Mn Na Fe Mn Na Fe Mn 
NiK^  0.12 216 109 0.15 63 142 0.13 146 135 
0.13 253 113 0.14 69 146 0.12 158 165 
NA 0.33 74 174 0.36 35 202 0.30 105 185 
0.17 89 175 0.09 45 173 0.11 126 167 
NgKg 0.09 105 195 0.07 47 174 0.08 110 197 
NgK^  0.33 83 206 0.28 41 199 0.26 95 190 
«34 0.10 85 164 0.08 33 197 0.08 109 158 
N3K2 0.09 100 149 0.09 61 182 0.08 132 172 
N3K3 0.31 112 203 0.25 38 209 0.27 110 192 
Means 0.18 124 165 0.17 48 180 
Figure 19. Minor element accumulation as influence 
by nitrogen and potassium supply expressed 
on a dry weight basis. 
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potassium level. This treatment resulted in accumulation of 
manganese in foliage until the May 12 harvest and then no 
change. 
Copper content of the foliage decreased in a linear manner 
as nitrogen levels were decreased and potassium levels were 
increased (Table 9 and Figure 19). Over harvests high nitrogen 
treatments (N^ ) accumulated copper and the medium and low 
nitrogen levels tended to decrease in copper content (Table 9). 
Potassium levels gave the opposite effect. (Table 9). 
Nitrogen level had no measurable effect on zinc accumula­
tion in the foliage. Potassium supply exerted a quadratic 
response on zinc uptake with high levels depressing accumula­
tion. Zinc content of the foliage appeared to accumulate 
linearly as the experiment progressed (Table 9). Nitrogen 
level X harvest interaction was significant (Appendix A, Table 
22), The low nitrogen treatments (Ng) accumulated zinc 
linearly while the medium (N^ ) and high (N^ ) nitrogen levels 
accumulated zinc more rapidly until the May 12 harvest and 
then gave a variable response for zinc content. 
Phosphorus content of the foliage varied in a quadratic 
manner with nitrogen level and decreased linearly with 
increasing potassium (Table 9 and Figure 20). Over harvest 
phosphorus content followed fresh weight yields (Table 5 and 
Table 9). 
Silicon while not considered an essential element for 
growth of this plant is found in siliceous cells present in the 
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epidermis of this species. Alteration of nitrogen and 
potassium supply to the plant resulted in significant change 
in silicon content of the foliage (Appendix A, Table 23). 
Decreasing nitrogen and potassium supplies to the plant caused 
a significant increase in silicon content of the foliage (Table 
10 and Figure 20) . During the course of this experiment 
silicon content of the foliage increased until the May 26 
harvest and then declined sharply. The same response was 
obtained when nitrogen and potassium levels were compared over 
time. Significant nitrogen x harvest and potassium x harvest 
interactions occurred because less silicon accumulated in the 
foliage of plants grown at the high nitrogen (N^ ) and potassium 
(K^ ) levels than at the medium (N^ , ^ 2) and low (Ng, K^ ) levels. 
Nitrogen had no significant effect on boron accumulation 
(Table 10 and Figure 20). Increasing potassium supplies caused 
a decrease in boron content (Table 10 and Figure 20). Over 
harvests boron decreased in the tissues (Table 10) . The 
significance of nitrogen x harvest interaction was that 
medium (N^ ) and low(Ng) nitrogen levels began losing boron 
from the foliage at an earlier date than did the high (N^ ) 
nitrogen treatment (Table 10). 
Molybdenum content of the foliage increased linearly with 
decreasing levels of nitrogen and potassium (Table 10 and 
Figure 20). Over harvests molybdenum content followed the 
fresh weight yields (Table 5 and Table 10). The high (N^ ) 
Table 9. Treatment means for phosphorus content expressed as a percentage and 
zinc and copper in parts per million of oven dry A. palustris foliage 
3/31 4/14 
Harvest 
4/28 5/12 
Treatments P Zn Cu P Zn Cu P Zn Cu P Zn Cu 
Vi 0.54 71 31 0.59 73 30 0.57 73 26 0.58 80 22 
0.56 78 33 0.56 81 31 0.58 84 27 0.59 94 35 
N1K3 0.55 70 29 0.59 74 27 0.59 81 26 0.60 96 38 
N2K1 0.55 71 32 0.54 71 27 0.56 70 26 0.63 97 18 
N2K2 0.57 74 32 0.57 73 27 0.57 76 25 0.64 97 20 
N2K3 0.53 74 24 0.57 70 23 0.60 74 22 0.64 92 28 
N3K1 0.49 61 27 0.52 65 26 0.55 73 20 0.57 82 17 
N3K2 0.53 73 28 0.54 70 26 0.55 75 22 0.58 90 17 
N3K3 0.54 72 25 0.59 71 23 0.60 76 25 0.65 92 29 
Means 0.54 72 29 0.56 72 27 0.57 76 24 0.61 91 25 
Table 9 (Continued) 
5/26 
Harvest Date 
6/9 Means 
Treatments P Zn Cu P Zn Cu P Zn Cu 
«1% 0.56 82 27 0.53 88 28 0.56 78 27 
0.62 91 30 0.54 96 32 0.57 87 31 
«A 0.62 93 43 0.60 94 35 0.59 85 33 
0.62 93 26 0.55 94 13 0.57 83 24 
NgKg 0.66 92 20 0.55 90 16 0.59 84 23 
0.63 96 32 0.58 96 25 0.59 84 26 
0.59 96 17 0.53 86 11 0.54 77 20 
N3K2 0.58 92 18 0.57 99 18 0.56 83 21 
0.61 95 30 0.56 96 22 0.59 84 26 
Means 0.61 92 27 0.56 93 22 
Table 10. Treatment means for silicon expressed as a percentage and boron and 
molydenum expressed in parts per million of oven dry A. palustris 
foliage 
Harvest Date 
3/31 4/14 4/28 5/12 
Treatments Si B Mo Si B Mo Si B Mo Si B Mo 
NA 0.17 37 3.26 0.16 40 4.14 0.20 34 4.95 0.38 45 6.47 
NA 0.16 32 3.26 0.14 36 3.56 0.19 40 5.00 0.38 38 6.51 
NA 0.19 33 3.56 0.19 39 4.14 0.34 45 6.47 0.44 41 5.90 
NgKi 0.17 28 3.61 0.18 36 3.78 0.23 41 4.91 0.36 35 7.54 
N2K2 0.17 33 4.59 0.24 41 4.55 0.27 34 4.36 0.43 35 8.03 
N2K3 0.14 30 4.64 0.27 43 5.68 0.32 45 7.18 . 0.70 40 8.98 
N3K1 0.20 27 2.48 0.20 40 3.52 0.24 32 5.09 0.36 29 6.34 
N3K2 0.23 30 4.23 0.19 37 3.83 0.17 33 4.86 0.49 28 6.60 
N3K3 0.19 31 4.82 0.30 44 6.29 0.43 42 7.14 0.77 39 10.00 
Means 0.18 31 3.83 0.21 40 4.39 0.26 38 5.55 0.48 37 7.37 
Table 10 (Continued) 
5/26 
Harvest Date 
6/9 Means 
Treatments Si B Mo Si B Mo Si B Mo 
NlKi 0.30 17 3.43 0.19 19 3.43 0.23 32 4.28 
N1K2 0.35 20 5.41 0.20 19 4.59 0.24 31 4.72 
N1K3 0.34 21 5.18 0.41 26 . 5.14 0.32 34 5.06 
N2K1 0.61 29 6.72 0.32 19 6.93 0.31 31 5.58 
N2K2 0.60 26 7.92 0.38 17 5.99 0.35 31 5.91 
N2K3 0.73 37 8.53 0.65 27 3.92 0.47 37 7.32 
N3K1 0.55 27 6.64 0.39 19 6.64 0.32 29 5.12 
N3K2 0.60 28 6.21 0.46 28 7.34 0.36 31 5.51 
N3K3 0.73 32 7.46 0.49 22 9.04 0.48 35 7.46 
Means 0.53 26 6.39 0.39 22 6.45 
Figure 20. Anion accumulation as influenced by 
nitrogen and potassium supply expressed 
on a dry weight basis. 
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nitrogen level did not accumulate molybdenum to the degree that 
the medium (N^ ) and low (Ng) nitrogen levels did (Table 10). 
Percent ash expressed on a fresh weight basis varied only 
with nitrogen level (Appendix A, Table 24). Ash accumulated 
in the foliage as nitrogen supply to the plant decreased (Table 
11 and Figure 21). Potassium levels did not cause a statisti­
cally significant difference in percent ash, but this was due 
to the presence of a significant nitrogen x potassium inter­
action (Figure 21), In the statistical method of analysis 
used for this data it was necessary to use the nitrogen x 
potassium interaction as Error A. At low (Ng) and medium (N^ ) 
nitrogen levels as potassium levels were increased percent 
ash decreased and in the high (N^ ) nitrogen cultures ash 
accumulated linearly as potassium levels increased. Percent 
ash expressed on a fresh weight basis remained relatively 
constant over harvest dates (Table 11). 
On a dry weight basis nitrogen levels percent ash 
decreased with increasing nitrogen levels and decreasing 
potassium levels (Table 11 and Figure 21). With time the rate 
of ash accumulation in the tissues exceeded the rate of dry 
matter accumulation therefore percent ash was observed to 
increase until May 12 (Table 11). After this date ash content 
decreased more rapidly than did dry weight. At the high (N^ ) 
nitrogen level percent ash increased abruptly at the April 14 
harvest and then steadily declined thereafter. The medium 
(Ng) nitrogen level gave an increasing ash content until 
Table 11. Treatment means for the main effects of nitrogen and potassium on 
total percent ash content of Agrostis palustris foliage 
3/31 
Harvest 
4/14 
Date 
4/28 5/12 
Treatment F* D* F D F D F D 
High N 2.42 13.55 2.62 16.41 2.30 16.33 2.24 15.85 
Medium N 2.80 14.97 2.58 15.85 2.55 17.76 2.49 17.84 
Low N 3.07 15.93 2.43 15.67 2.80 18.30 2.72 19.67 
High K 2.70 14.94 2.39 16.96 2.62 18.63 2.48 18.43 
Medium K 3.03 16.58 2.62 16.60 2.59 18.44 2.41 17.87 
Low K 2.56 12.92 2.61 14.47 2.43 15.31 2.57 17.06 
Mean 2.76 14.82 2.54 16.01 2.55 17.46 2.48 17.79 
Table 11 (Continued) 
Harvest Date 
5/26 6/9 Means 
Treatment F D F D F D 
High N 1.97 13.78 2.08 13.63 2.27 14.92 
Medium N 2.76 18.39 2.76 16.60 2.66 16.90 
Low N 2.72 18.45 2.72 16.51 2.74 17.44 
High K 2.46 17.51 2.31 15.54 2.49 17.00 
Medium K 2.40 17.07 2.48 16.09 2.59 17.11 
Low K 2.58 16.03 2.75 15.11 2.58 15.15 
Mean 2.48 16.87 2.51 15.58 
 ^and D represent percent ash content expressed on a fresh and dry 
weight basis, respectively 
Figure 21, The influence of nitrogen and potassium 
levels on ash accumulation in A. palustris 
foliage. 
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May 26, followed by a decrease. Low (Ng) nitrogen levels 
resulted in ash accumulation until May 12 and then a decline. 
Chemical Composition 
When expressed on a fresh weight basis total nitrogen 
and soluble nitrogen in the foliage of A. palustris varied 
significantly with potassium level and harvest dates 
(Appendix A, Tables 25 and 26), Protein nitrogen percentages 
were determined by the difference between total nitrogen and 
soluble nitrogen and while not statistically analyzed they 
appeared to follow the same trends as the total and soluble 
nitrogen in the leaf tissues (Table 12). Total nitrogen 
present in the foliage was very significantly increased in 
the low (Kg) potassium treatments. On March 31 percent total 
nitrogen was least and it increased to 0.18 percent on April 
14 and did not vary significantly thereafter. Nitrogen level 
interacted significantly with harvest date in altering total 
nitrogen. The significance of this interaction does not appear 
attributable to any of the parameters which were determined. 
The soluble nitrogen fraction increased significantly as 
potassium levels were decreased (Table 26 and Figure 22). Over 
harvests soluble nitrogen percentage increased until the April 
28 harvest and then declined. The soluble nitrogen x harvest 
interaction was significant, but as was the case for total 
nitrogen, no satisfactory explanation could be found. 
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On a dry weight basis neither nitrogen or potassium levels 
significantly altered percent total nitrogen (Appendix A, Table 
25) . Protein ixitrogen did not appear to be affected by 
potassium and nitrogen supplies (Table 13), Decreasing 
potassium levels resulted in an increase in the soluble 
nitrogen fraction (Table 13 and Figure 23), Total, protein 
and soluble nitrogen percentages varied with harvests, but in 
an unpredictable manner. 
Total soluble hexose expressed on a fresh weight basis 
increased linearly with increasing nitrogen levels and 
decreased quadratically as potassium levels increased (Appendix 
A, Table 27 and Figure 22). The level of soluble hexose in the 
foliar tissue varied significantly between harvests (Table 14). 
On a dry weight basis increasing nitrogen levels increased 
soluble hexose in the tissues (Appendix A, Table 27 and Figure 
23). Over harvests the maximum percent soluble hexose occurred 
on April 28 and the minimum on May 12 (Table 14). A significant 
interaction between potassium level and harvest date was noted 
(Appendix A, Table 27). At the high and medium potassium levels 
percent soluble hexose reached a greater maximum and fell to a 
lower minimum than it did at low potassium levels (Table 14). 
Sufficient foliar tissue was available so that one sample 
of each treatment composited over harvests could be analyzed 
for cell wall components using the procedures outlined by 
Jermyn (21), Results are given as a percentage of the dry 
residue remaining after alcoholic extraction. 
68 
Table 12. Treatment means for nitrogen fractions expressed as 
percentages of the fresh weight of A.palustris 
foliage 
Harvest Dates 
3/31 4/14 
Total Soluble Protein Total Soluble Proteii 
Treatments N N N N N N 
N^ Ki 0.14 0.019 0.121 0.15 0.034 0.116 
0.14 0.021 0.119 0.15 0.035 0.115 
0.14 0.041 0.099 0.17 0.040 0.130 
N2K1 0.14 0.017 0.123 0.16 0.034 0.126 
N2K2 0.14 0.023 0.117 0.17 0.032 0.138 
1J2K3 0.15 0.017 0.133 0.19 0.043 0.147 
H3K1 0.14 0.019 0.121 0.16 0.037 0.123 
N3K2 0.17 0.022 0.148 0.19 0.035 0.155 
N3K3 0.17 0.025 0.145 0.25 0.047 0.203 
Means 0.15 0.023 0.127 0.18 0.037 0.143 
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Table 12 (Continued) 
Harvest dates 
4/28 5/12 
Total Soluble Protein Total Soluble Protein 
Treatments N N N N N N 
"iKl 0.17 0.041 0.129 0.16 0.033 0.127 
«1*2 0.15 0.045 0.105 0.16 0.034 0.126 
N1K3 0.18 0.048 0.132 0.17 0.037 0.133 
N2K1 0.16 0.042 0.118 0.14 0.031 0.109 
N2K2 0.16 0.042 0.118 0.16 0.032 0.128 
N2K3 0.18 0.069 0.111 0.18 0.041 0.139 
N3K1 0.17 0.029 0.141 0.15 0.033 0.117 
N3K2 0.17 0.038 0.132 0.16 0.036 0.124 
N3K3 0.19 0.048 0.142 0.17 0.063 0.107 
Means 0.17 0.045 0.125 0.16 0.038 0.122 
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Table 12 (Continued) 
5/26 
Harvest Dates 
6/9 
Treatments 
Total 
N 
Soluble 
N 
Protein 
N 
Total 
N 
Soluble 
N 
Pro te il 
N 
Vi 0.17 0.023 0.147 0.13 0.031 0.099 
NA 0.17 0.023 0.147 0.13 0.034 0.096 
NA 0.20 0.023 0.177 0.18 0.040 0.140 
NgKi 0.17 0.034 0.136 0.17 0.036 0.134 
NgKg 0.16 0.034 0.126 0.15 0.039 0.111 
N2K3 0.18 0.041 0.139 0.20 0.051 0.149 
N3K1 0.15 0.031 0.119 0.17 0.029 0.141 
N3K2 0.14 0.031 0.109 0.16 0.031 0.129 
N3K3 0.17 0.037 0.133 0.18 0.043 0.137 
Means 0.17 0.031 0.139 0.16 0.037 0.123 
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Table 12 (Continued) 
Mean 
Treatments Total Soluble Protein 
N N N 
NA 0.15 0.030 0.120 
N1K2 0.15 0.032 0.118 
N1K3 0.18 0.038 0.142 
«24 0.16 6.032 0.128 
N2K2 0.16 0.034 0.126 
N2K3 0.18 0.037 0.143 
N3K1 0.16 0.030 0.130 
N3K2 0.16 0.032 0.128 
N3K3 
0.19 0.044 0.146 
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Table 13. Treatment means for nitrogen fractions expressed 
as percentages of the dry weight of A. palustris 
foliage 
3/31 
Harvest Dates 
4/14 
Treatments 
Total 
N 
Soluble 
N 
Protein 
N 
Total 
N 
Soluble 
N 
Prote: 
N 
Vl^  0.77 0.11 0.66 0.96 0.22 0.74 
0.78 0.12 0.66 0.97 0.23 0.74 
N1K3 0.76 0.23 0.53 0.97 0.23 0.74 
."2^ 1 0.82 0.10 0.72 0.99 0.22 0.77 
«2K2 0.78 0.12 0,66 1.11 0.20 0.91 
N2K3 0.74 0.08 0.66 1.04 0.24 0.80 
0,77 0.10 0.67 1.02 0.24 0.78 
N3K2 0.86 0.11 0.75 1.12 0.21 0.91 
N3K3 0.85 0.13 0.72 1.35 0.25 1.10 
Means 0.79 0.12 0.67 1.06 0.23 0.83 
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Table 13 (Continued) 
4/28 
Harvest Dates 
5/12 
Treatments 
Total 
N 
Soluble 
N 
Protein 
N 
Total 
N 
Soluble 
N 
Proteii 
N 
NiKi® 1.16 0.30 0.86 0.89 0.23 0.64 
N1K2 1.16 0.34 0.82 0.84 0.25 0.59 
N1K3 1.19 0.32 0.87 0.88 0.25 0.63 
«2% 1.17 0.30 0.87 0.93 0.24 0.69 
N2K2 1.15 0.31 0.84 0.85 0.24 0.61 
N2K3 1.18 0.44 0.74 0.88 0.26 0.62 
Vl 1.15 0.20 0.95 0.84 0.25 0.59 
N3K2 1.09 0.25 0.84 0.85 0.26 0.59 
N3K3 1.15 0.30 0.85 0.87 0.42 0.45 
Means 1.16 0.31 0.85 0.87 0.27 0.60 
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Table 13 (Continued) 
5/26 
Harvest Dates 
6/9 
Treatments 
Total 
N 
Soluble 
N 
Protein 
N 
Total 
N 
Soluble 
N 
Protej 
N 
1.21 0.16 1.05 0.90 0.22 0.68 
N1K2 1.26 0.17 1.09 0.89 0.23 0.66 
N1K3 1.30 0.15 1.15 1.08 0.23 0.85 
"2% 1.13 0.24 0.89 1.13 0.23 0.90 
N2K2 1.09 0.25 0.84 1.02 0.26 0.76 
«2% 1.11 0.25 0.86 1.02 0.26 0.76 
«3^ 1 1.11 0.23 0.88 1.10 0.19 0.91 
N3K2 1.02 0.22 0.80 1.02 0.19 0.83 
N3K3 1.05 0.23 0.82 1.03 0.24 0.79 
Means 1.14 0.21 0.93 1.02 0.23 0.79 
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Table 13 (Continued) 
Treatments 
Total 
N 
Means 
Soluble 
N 
Protein 
N 
NiKi- 0.98 0.21 0.77 
HA 0.98 0.22 0.76 
N1K3 1.03 0.23 0.80 
«2*1 1.03 0.22 0.81 
«2*2 1.00 0.23 0.77 
% 1.00 0.26 0.74 
1.00 0.20 0.80 
N3K2 0.99 0.21 0.78 
N3K3 1.05 0.26 0.79 
Means 
a = 100 ppm N, N2 = 50 ppm N, = 25 ppm N and 
Kj^  = 100 ppm K, Kg ~ 50 ppm K, Kg = 0 ppm K 
Figure 22, The influence of nitrogen and potassium 
levels on soluble hexose and nitrogen in 
Agrostis palustris foliage. Calculated on 
a fresh weight basis. 
Figure 23, The influence of nitrogen and potassium 
levels on soluble hexose and nitrogen in 
Agrostis palustris foliage. Calculated 
on a dry weight basis. 
DRY WEIGHT BASIS 
PERCENT SOLUBLE NITROGEN 
iHT 
M S 
SOLUBLE HEXOSE 
Table 14. Treatment means for percent soluble hexose content of A. palustris foliage 
Harvest date 
3/31 4/14 4/28 5/12 5/26 6/9 Means 
Treatment Fresh Dry Fresh Dry Fresh Dry Fresh Dry Fresh Dry Fresh Dry Fresh Dry 
High N 0.70 3.88 0.95 5.97 0.91 6.46 0.31 2.25 0.73 5.06 0.75 4.90 0.72 4.75 
Med. N 0.82 4.31 0.85 5.14 0.79 5.52 0.37 2.59 0.46 3.11 0.66 4.05 0.66 4.12 
Low N 0.73 3.76 0.82 4.88 0.85 5.59 0.34 2.47 0.59 3.96 0.60 3.79 0.66 4.08 
High K 0.66 3.64 0.87 5.65 0.89 6.38 0.33 2.44 0.54 3.89 0.73 4.95 0.67 4.49 
Med. K 0.71 3.88 0.84 5.34 0.78 5.65 0.29 2.21 0.49 3.52 0.72 4.75 0.64 4.22 
Low K 0.87 4.43 0.90 5.00 0.87 5.54 0.40 2.65 0.75 4.71 0.55 3.05 0.72 4.23 
Mean 
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Percent ash associated with the alcohol Insoluble material 
appeared to be dependent on nitrogen and potassium levels 
(Table 15). At each nitrogen level the high potassium treat­
ment had the greatest percent ash. At medium and low potassium 
levels as nitrogen level decreased percent ash increased. At 
the high (K^ ) potassium - medium (N2) nitrogen level treatment, 
the highest content of ash was found. 
Pectin content was lowest at medium (Kg) potassium level 
and highest at the low (Kg) level at all nitrogen levels 
suggesting a quadratic effect from potassium (Table 15). As 
nitrogen levels decreased percent pectin increased. 
Percent cellulose seemed to respond quadratically with 
nitrogen level; the minimum occurring at medium nitrogen and 
the maximum occurring at low nitrogen. Decreasing potassium 
supply gave increasing cellulose content in high and low 
nitrogen treatments, but an apparently quadratic response with 
the medium nitrogen level, 
Lignin content decreased as nitrogen levels decreased and 
with potassium levels at high and low nitrogen supplies. At 
medium nitrogen levels lignin content appeared to respond 
quadratically with potassium level. The maximum lignin 
percentage occurred at the medium potassium level. 
Protein content of the cell wall residues was greatest at 
the high nitrogen level. The medium and low nitrogen levels 
gave essentially the same protein content. Potassium level had 
a quadratic effect on protein percentage with maximum protein 
74 
produced at the medium potassium level. At medium and low 
nitrogen levels protein content was markedly lower at low 
potassium levels. High potassium appeared to decrease protein 
content slightly. 
Table 15. Analysis of composited cell wall residues of foliage 
remaining after extraction with 80 percent ethanol 
expressed as percentages of the dry weight 
Treatments^  Ash Pectin Cellulose Lignin Protein^  
«1^ 1 10, .53 7, .90 45, .17 28, .19 8, .21 
NiKi 9, .12 7, .80 46, .22 28, .95 8, .63 
8, .78 8, .38 46, .38 27, .89 8, .57 
N2K1 15. 53 8. 32 41, .29 27, .80 7. 06 
N2K2 10, .31 7, .90 43, .41 29, .91 8. 47 
N2K3 10. ,90 14. 61 
CM 
.88 26. 76 4. 85 
N3K1 12. 72 13, .28 45, .00 21, .87 7. 13 
N3K2 12. 20 13. 80 50. 12 16. 80 7. 70 
N3K3 12. ,27 14. 75 50. 86 16, .61 5. 51 
1 = 100 ppm, Ng = 50 ppm and = 25 ppm nitrogen and 
Kj^  = 100 ppm, K2 = 50 ppm and Kg = 0 ppm potassium 
2 Calculated as percent N x 6.25 
Root tissue from the June 9 harvest date was analyzed for 
total nitrogen, soluble nitrogen and soluble hexoses. Protein 
nitrogen was obtained as the difference between total nitrogen 
and soluble nitrogen. Total and protein nitrogen were reduced 
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in the root tissue of plants grown with a low (Ng) nitrogen 
supply (Table 16). Soluble nitrogen was not altered by 
changes in nitrogen supply to the plant. Soluble hexose 
varied in a quadratic manner with nitrogen levels. The content 
of soluble sugars in the roots was greatest at the medium (Ng) 
nitrogen level. Potassium levels had a quadratic effect on 
total and protein nitrogen in the roots. Soluble nitrogen was 
decreased when potassium was lacking in the cultures. Soluble 
hexose was reduced in the roots of plants grown at medium (K^ ) 
potassium levels and greatly increased when potassium was 
lacking altogether. 
Table 16. Main effects for nitrogen and potassium on percent 
total; soluble and protein nitrogen and percent 
soluble hexose in the roots of A. palustris 
Total N • Soluble N Protein N Hexose 
Treatment Fresh Dry Fresh Dry Fresh Dry Fresh Dry 
High N 
Medium N 
Low N 
High K 
Medium K 
Low K 
0.071 0.554 
0.073 0.569 
0.042 0.324 
0.056 0.426 
0.078 0.619 
0.054 0.402 
0.011 0.084 
0.011 0.089 
0.011 0.081 
0.012 0.093 
0.011 0.092 
0.009 0.069 
0.060 0.481 
0.062 0.500 
0.032 0.243 
0.042 0.353 
0.066 0.527 
0.044 0.343 
0.113 0.838 
0.141 1.109 
0.132 0.988 
0.093 0.715 
0.074 0.587 
0.218 1.633 
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Morphological and Anatomical Responses 
The morphological response of A. palustris to varying 
nitrogen and potassium supplies was very pronounced (Figures 
24, 25, and 26). High nitrogen levels produced maximum foliar 
growth possessing excellent color, but supported minimum root 
growth. Increasing levels of potassium at high nitrogen appear­
ed to give a slight increase in foliar growth while causing 
the roots to become more discolored. At medium nitrogen levels 
foliar growth was drastically reduced and characteristic 
nitrogen deficiency symptoms expressed. Medium nitrogen also 
appeared to cause elongation of the root system but little 
difference in total volume of roots produced. Potassium seemed 
to alleviate the nitrogen deficiency symptoms at the high and 
medium levels and accentuated the symptoms at low levels. Low 
nitrogen levels appeared to have slightly more foliar growth at 
high and medium potassium levels than at medium levels. Root 
growth appeared to be stimulated, at the low nitrogen - high 
potassium treatment. The effect of potassium at the lowest 
nitrogen level in overcoming nitrogen deficiency symptoms was 
even more pronounced than at medium nitrogen levels, also the 
accentuation of the symptoms was more severe at the low 
potassium level. 
The relative size and coloration of the leaf blades of 
A. palustris was increased by increasing levels of nitrogen 
and potassium (Figure 27). Leaf blades produced by plants 
Figure 24. High (K^ ) potassium treatment compared at 
the three levels of nitrogen. Note the 
increase in root growth and quadratic response 
of foliar growth with decreasing nitrogen 
leveIs. 
Figure 23. Medium (Kg) potassium treatment compared at 
three levels of nitrogen. 
Figure 26. Low (Kg) potassium treatment compared 
at three levels of nitrogen. 
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Figure 27. Relative size and coloration of leaf 
blades grown with varying levels of nitrogen 
and potassium. 
A = high NK, B = high N-medium K, 
C = high N-low K, D = medium N-high K, 
E = medium NK, F = medium N-low K, 
G = low N-high K, H = low N-medium K, 
I = low NK. 
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grown with high nitrogen supplies did not exhibit potassium 
deficiency symptoms. When nitrogen and potassium levels were 
both low it appeared that deficiency symptoms were magnified 
(Figure 27, F and I). Leaf length appeared to be slightly 
reduced at the high (K^ ) potassium level when nitrogen levels 
were at 100 and 50 ppm. At the low (Ng) nitrogen level high 
potassium cultures had the greatest leaf length. 
Root thickness, leaf width and leaf thickness measure­
ments were taken and analyzed statistically (Appendix A, 
Table 28). While significant differences were shown to exist 
the number of replicates was not sufficiently large enough to 
warrant accepting this data without some reservations. 
Mineral nutrition of the plant had a pronounced effect on 
root diameter (Table 17). Nitrogen levels gave a quadratic 
response with maximum root diameters occurring with the 
medium (N^ ) nitrogen level (Figures 28, 29 and 30). Decreasing 
potassium levels caused a slight decrease in root diameter. 
The response obtained with any one potassium level varied with 
nitrogen resulting in a highly significant interaction term. 
At high (N^ ) nitrogen levels decreasing potassium resulted in 
a slight increase in root diameter. With medium (N^ ) nitrogen 
levels potassium gave a quadratic response and at low (Ng) 
nitrogen levels decreasing potassium gave a decrease in root 
diameter. 
Leaf width was significantly reduced by decreasing nitro­
gen and potassium levels (Table 17). At high and low nitrogen 
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levels decreasing potassium gave a quadratic response. Leaf 
tissue produced by plants supplied with low nitrogen and potas­
sium levels appeared much firmer and was easier to section 
(Figures 31, 32 and 33). At high levels of mineral nutrition 
the sections were torn easily and epidermal cells appeared to 
collapse regardless of precautions taken. The intensity of 
the fast green stain also appeared to increase as nitrogen 
levels decreased. 
No significant differences were noted for leaf thickness. 
Stolons were examined microscopically but no measurements 
were taken. The nitrogen and potassium levels appeared to 
effect the stolons in a manner analogous to the leaves (Figures 
34, 35 and 36). It appeared that with abundant mineral sup­
plies the stolons were large and appeared to decrease in 
diameter as nutrient levels were reduced. Cell size appeared 
to be smallest in the high nitrogen-high potassium culture, 
but cell numbers were greater. 
Table 17. Treatment means for root diameter, leaf width and 
leaf thickness 
Treatment 
Root 
diameter(mm) 
Leaf 
width(mm) 
Leaf 
thickness(mm) 
High N 0.27 2.42 0.14 
Medium N 0.41 2.30 0.17 
Low N 0.37 1.92 0.17 
High K 0.36 2.62 0.16 
Medium K 0.35 2.04 0.17 
Low K 0.33 1.98 0.15 
Figure 28. Cross section taken 400 M- from tip of A. 
palustris root grown in a solution containing 
100 ppm N and 40 ppm K. Magnification was 
90x. 
Figure 29. Same as above but grown in a solution 
containing 50 ppm N and 50 ppm K. 
Figure 30. Same as above but grown in a solution 
containing 25 ppm N and 50 ppm K. 
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Figure 31. Cross section of a leaf grown with constant 
potassium supply (50 ppm) and high nitrogen 
(100 ppm). Magnification was 90x. 
Figure 32. Same as above but with medium nitrogen 
(50 ppm). 
Figure 33o Same as above but with low nitrogen 
(25 ppm). 
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Figure 34. Cross section of a stolon grown with high 
nitrogen (100 ppm) and high potassium 
(100 ppm) supplies. Magnification was 90x, 
Figure 35. Same as above but grown with medium nitrogen 
(50 ppm) and medium potassium (50 ppm) 
supplies. 
Figure 36, Same as above but grown with low nitrogen 
(25 ppm) and low potassium (0 ppm) supplies. 
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Longitudinal sections of the root tips showed that 
position of the zone of elongation in the root apex was 
apparently altered by the level of nitrogen and potassium 
supplied by the plant (Table 18). The zone of elongation was 
assumed to start where evident vacuolization of the cells was 
occurring. It appeared that with increasing nitrogen supply 
to the plant the zone of elongation initiated nearer the root 
cap* A similar response was obtained for potassium levels* 
The 100 and 30 ppm potassium levels did not appear to differ 
at the 100 and 50 ppm potassium levels did not appear to 
differ at the 100 and 50 ppm nitrogen levels but did at the 
25 ppm nitrogen level. 
Table 18. Distance from the root cap in microns where the 
zone of elongation occurred when grown with 
varying nitrogen and potassium supplies 
Nitrogen level (ppm) 
Potassium level (ppm) 100 50 25 
100 
50 
0 
400 
350 
500 
500 
500 
600 
550 
700 
800 
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DISCUSSION AND CONCLUSIONS 
Results of this study show that increasing nitrogen sup­
plies to the plant, increased fresh and dry weight yields of 
foliage and decreased root fresh weights slightly. High 
nitrogen concentrations promote vegetative growth provided 
other factors necessary for growth are adequate. Thus photo-
synthate will be utilized for growth and differentiation of 
the tissues will be curtailed (30)• It was expected that 
soluble sugars would be least in the high nitrogen cultures 
and greatest in the low nitrogen cultures, but the opposite 
was found. This response was contrary to that found by other 
workers (3) (15) (24) (54) (57), In this study the response 
was attributed to the relatively long interval between harvests 
which permitted the high nitrogen cultures to accumulate sugars 
since they developed greater leaf area. These sugars did not 
appear to be available for differentiation because pectin and 
cellulose were reduced at high and medium nitrogen levels. 
However, lignin, an aromatic polymer (C^  - 0^ )0, was present 
in greater quantities in the high and medium nitrogen cultures. 
It is suggested that perhaps the syntheses of lignin requires 
a more elaborate enzyme system which would require adequate 
nitrogen supplies for protein synthesis. 
Total nitrogen in the foliage expressed on a fresh weight 
basis decreased as nitrogen levels increased. This response was 
attributed to the reduced amount of tissue produced by nitrogen 
deficient plants coupled with the fact that meristematic areas 
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can mobilize nitrogen from other portions of the plant (24) 
(46). The net effect was an apparent increase in nitrogen 
even though the plant was under nitrogen stress. 
The effect of nitrogen on root growth in this study was 
similar to that obtained by others (13) (19) (44). Root 
diameter and length were observed to decrease as nitrogen 
levels increased. Also, rapid maturation occurred in roots 
produced by the high nitrogen cultures as evidenced by a 
reduced zone of division in the roots and a brown discoloration 
which appeared to be associated with cortical breakdown (57). 
These responses were apparently due to lack of carbohydrates 
(58). 
The influence of nitrogen on accumulation of mineral 
elements in the foliage can be explained largely on the basis 
of ion competition and/or the dilution effect resulting from 
production of large quantities of tissue by the high nitrogen 
level. Potassium, calcium and magnesium were decreased by 
increasing levels of nitrogen in the solution cultures. This 
was attributed to antagonism between the ammonium ion and the 
other cations (2) (23) (52). Silicon and molybdenum were 
shown to vary inversely with nitrogen supply. Since nitrate 
has not been shown to interfere with the uptake of other anions 
(27) this response was probably due to a dilution effect 
resulting from the greater quantity of dry matter produced at 
high nitrogen levels. Phosphorous and manganese accumulated 
in a quadratic manner as nitrogen supply was varied, being 
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greatest at the medium (N^ ) nitrogen level. The decrease in 
phosphorus content of the foliage at the low (Ng) nitrogen 
level was thought to be due to anion competition (sulphate vs 
phosphate) because calcium sulfate was added to the low nitro­
gen solution culture to maintain calcium concentrations 
constant, Palfi (42) and Leonard (27) found that sulfate 
depressed both nitrogen and phosphate concentrations in 
plants. The decrease in phosphorus content at the high (N^ ) 
nitrogen level was apparently due to the dilution effect, 
since nitrate and phosphate have been reported to be mutually 
beneficial to the absorption of one another (27). The 
quadratic response of manganese to nitrogen level was not 
clear, but possibly it was due to changes in metabolic 
demand. Sodium, a non-essential cation, increased as nitrogen 
levels increased. This response was due to the reduction in 
potassium content which occurred at high nitrogen levels 
allowing sodium, a cation which has been shown to be non­
competitive with ammonium, to passively enter the plant and 
accumulate (11). Copper content of the foliage varied direct­
ly with nitrogen supply possibly due to metabolic demand (56). 
The effect of increasing nitrogen supplies on the 
reduction of ash in the foliage reflects the relatively large 
decreases which occurred with the individual cations. Also 
the increased vegetative growth may serve to dilute the 
minerals present in the foliage. Sideris (51) has reported 
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that ammonium nitrogen significantly reduced ash content of 
pineapple foliage. 
Increasing potassium levels resulted in increased foliar 
growth with high (K^ ) equal to the medium (Kg) level, decreased 
percent dry weight of foliage with high (K^ ) equal to medium 
(Kg) levels and quadratic responses for root fresh, dry and 
percent dry weights. In this study the high potassium level 
appeared to inhibit growth slightly. When the plant was grown 
under conditions of potassium stress marked reduction in growth 
occurred accompanied by a pronounced increase in percent dry 
weight. Soluble sugars and nitrogenous compounds accumulated 
in the foliage of potassium deficient plants. There are two 
possible explanations for this effect. The first proposed by 
Nightingale (38) was that lack of potassium reduced protein 
synthesis and lead at least temporarily to increased soluble 
sugars and amino acids. The second explanation postulates that 
when potassium is lacking proteins are rapidly hydrolyzed to 
their constituent amino acids hence increasing the soluble 
nitrogen fraction (46). Soluble sugar accumulation could occur 
if the efficiency of pyruvic kinase was reduced (35). It 
appeared that potassium exerted an influence on differentiation 
products, but one which suggested an interaction between 
nitrogen and potassium levels. Pectin content was at a 
minimum with the medium (Kg) level suggesting that synthesis of 
this galacturonic acid polymer is less when potassium supply 
was optimum for vegetative growth. For cellulose it appeared 
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that the high (K^ ) level interfered with synthesis of this 
glucose polymer. Lack of potassium apparently decreased lignin 
synthesis possibly due to the lack of an enzyme system (20). 
Total nitrogen in the foliage expressed on a fresh weight 
basis increased as potassium level decreased. This response 
was thought to be an indirect effect attributable to the 
decrease in vegetative growth which occurred in the minus K 
cultures and resulted in a concentration of nitrogen in the 
tissues. When expressed on a dry weight basis potassium 
exerted no measurable effect on nitrogen content. The same 
response was obtained for protein nitrogen when expressed as 
the difference between total nitrogen and soluble nitrogen. 
When protein nitrogen was determined on the composited cell 
wall fractions potassium levels gave a quadratic response 
with the maximum protein produced by cultures grown at the 
medium (Kg) potassium level. At medium (N^ ) and low (Ng) 
nitrogen levels lack of potassium gave a marked reduction in 
protein content, but not at the high (N^ ) nitrogen level. 
This would suggest that at high nitrogen levels the ammonium 
ion may be functioning in the same manner as potassium in the 
condensation of amino acids to proteins. The high (K^ ) 
potassium appeared to inhibit protein synthesis slightly as 
was noted for fresh and dry weight production. 
The effect of potassium on total and protein nitrogen in 
the roots was quadratic with the maximum values occurring at 
the medium (Kg) potassium level. The opposite response was 
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obtained for percent hexose. This would seem to indicate that 
the medium potassium level was optimum for root growth. There 
was a marked increase in percent hexose at the low (Kg) 
potassium level indicating that metabolic functions were 
greatly Impaired. Soluble nitrogen in the roots was decreased 
by lack of potassium or possibly it was translocated to the 
leaf tissue resulting in the observed Increase in soluble 
nitrogen there. 
Cation content of the foliar tissue was reduced for all 
ions but potassium as potassium levels increased apparently 
due to cation competition (23) (25) (27) (50) (61). Phosphorus, 
silicon, boron and molybdenum which represent anionic species 
were also deceased by Increasing potassium levels. This 
response can be explained by anion competition between sulfate 
(anion component of the potassium salts) and the other anionic 
species. Palfi (42) and Leonard (27) have found that sulfate 
was strongly competitive with other anions. 
As potassium levels Increased percent ash Increased due 
to the increase in potassium in the foliage. Slderls (50) 
found a similar response for pineapples. 
The variation in growth which occurred between harvests 
reflected the Influence of the environment. Throughout the 
experiment day length was Increasing resulting in increases in 
solar radiation and air temperatures in the greenhouse. The 
decline in growth which occurred after May 12 was attributed 
to excessive temperatures in the greenhouse which have been 
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reported to be detrimental to A. palustris and other cool 
season grasses (57) (43). The root system developed a brown 
discoloration as the experiment progressed indicating possible 
cortical breakdown (57). 
Nitrogen levels appeared to interact more strongly with 
environmental factors than did potassium. High nitrogen 
cultures appeared to be more tolerant of temperature stress. 
However, in the field this response may not be obtained 
because moisture stress becomes the limiting factor for 
growth. Reduced root growth which was shown to occur at high 
nitrogen levels would predispose the plant to drought injury. 
Mineral content appeared to give a variable response with 
harvest date. The significance of this variation was not 
determined. The level of individual elements in the foliage 
produced by plants grown in solution cultures was greater than 
that found in field grown A. palustris except for iron, sodium, 
silicon and phosphorus. This would indicate that in future 
studies the concentration of minerals in the solution cultures 
should be adjusted to give concentrations comparable to that 
found in field grown foliage. 
Variation in soluble sugar content of the foliage was 
pronounced from harvest to harvest. It appeared to be 
dependent on the quantity of sunlight received between harvest 
dates. The May 12 harvest was preceded by approximately one 
week of overcast, rainy weather which reduced soluble sugars 
in the foliage. 
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While experimental conditions were more extreme than 
conditions under which A. palustris is normally grown, several 
points which relate to field grown turf should be considered. 
One, the variation in nitrogen content of the foliage to 
nitrogen supply would indicate that foliar analysis to assess 
the nutrient status of this element may not give accurate 
information for turf species. The second point to consider 
is the variation in mineral content which occurred with 
varying nitrogen and potassium levels. If the current trend 
toward using soil mixes containing increasing percentages of 
sand, the possibility of induced mineral deficiencies becomes 
more pronounced. 
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SUMMARY 
A high level of nitrogen caused an increase in foliar 
growth coupled with a reduction in root diameter and overall 
weight. Foliage produced by high levels of nitrogen contained 
greater quantities of soluble sugar due to the increased leaf 
area and the interval between harvests. Differentiation of 
the leaf tissue produced by the high nitrogen cultures was 
decreased if we consider pectin and cellulose contents, but 
increased if we consider lignin content. Turf produced on low 
nitrogen cultures was not more resistant to high temperatures 
than turf grown with a high nitrogen supply. Total nitrogen 
in the foliage was found to decrease as nitrogen levels 
increased. Nitrogen altered the internal concentration 
mineral elements due to ion competition and/or alteration in 
the quantity of dry matter produced. 
Potassium supply altered foliar and root growth 
quadratically indicating that the high potassium level was 
inhibitory. When potassium supply was optimum for growth (Kg) 
differentiation of tissues appeared to be reduced, but protein 
content was greater. Potassium deficient foliage accumulated 
large quantities of soluble nitrogen and sugars due to 
impaired metabolic function. Heat resistance did not appear 
to be altered by potassium level so long as supplies were 
adequate. Mineral content of the foliage was altered by 
potassium supply because of ion competition. 
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A significant interaction between nitrogen and potassium 
was found for percent dry weight of foliage and roots, root 
dry weight and root diameter and leaf width. When both 
elements were deficient responses were accentuated and when 
one or the other was present in adequate amounts the response 
was attentuated. 
Harvest dates exerted an influence on the responses 
obtained was due largely to changes associated with the 
environment in the greenhouse. Insufficient meterological 
data was taken to assess nature of the interactions of harvest 
date with nitrogen and potassium. 
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APPENDIX A; STATISTICAL ANALYSIS 
Table 19. Analysis of variance for fresh, dry and percent dry weights of 
variance for fresh, dry and percent dry weights of Agrostis 
palustris foliage grown in solution culture 
Fresh Weight Dry Weight Percent Dry 
Source df Mean Square Mean Square Weight 
Replicates 8 32. 32 0. 56 2. 49 ** 
Nitrogen (2) 779. 59 ** 13. 80 ** 23. 74 ** 
Linear 1 1491. 60 ** 25. 39 ** 47. 25 ** 
Quadratic 1 67. 83 2. 16 + 0. 14 
Potassium (2) 2752. 72 ** 38, .94 ** 225. 68 ** 
Linear 1 3722. 22 ** 52, .23 ** 362. 67 ** 
Quadratic 1 1783. 69 ** 25, .67 ** 88, .85 ** 
Nitrogen x Potassium 4 41, .50 0, .83 7, .85 ** 
Errors 64 30, .76 0 . 60 0, .77 
Harvest Date 5 285, .52 ** 1 .53 ** 235, .85 ** 
N X H 10 82, .60 ** 1, .44 ** 3, .98 ** 
K X H 10 90, .05 ** 1 .49 ** 2, .85 ** 
N X K X H 20 22, .18 0 .37 1, .73 ** 
Errorg 360 21, .58 0 .48 0, .58 
+ significant at 0,10 level 
* significant at 0.05 level 
** significant at 0.01 level 
Table 20. Analysis of variance for fresh, dry and percent dry weights 
of Agrostis palustris roots grown in solution culture 
Fresh Weight Dry Weight Percent Dry 
Source df Mean Square Mean Square Mean Square 
Replicates 8 9. 51 0, .333 4, .656 * 
Nitrogen (2) 10, .32 0, .178 0 .428 
Linear 1 18, .13 + 0, .297 0 .103 
Quadratic 1 2, .55 0, .077 0, .475 
Potassium (2) 30, .40 * 0, .181 5, .258 ** 
Linear 1 15, .75 0, .140 1 .179 
Quadratic 1 45, .51 ** 0, .259 9, .461 ** 
Nitrogen x Potassium 4 7, .82 0, .365 ** 6, .438 ** 
Error 64 6, .27 0, .112 0 .867 
+ significant at 0.10 level 
* significant at 0.05 level 
** significant at 0.01 level 
Table 21. Analysis of variance for major cation content expressed on a 
dry weight basis for Agrostis palustris foliage 
Potassium Calcium Magnesium Sodium 
Source df Mean Square Mean Square Mean Square Mean Square 
Nitrogen (2) 0 .135 * 0 .110 + 0 .047 * 0 .0076 * 
Linear 1 0 .216 + 0, .165 * 0, .087 ** 0 .0096 * 
Quadratic 1 0 .037 0 .042 0, .010 0, .0012 
Potassium (2) 27, .941 ** 1 .871 ** 0, .142 ** 0, .1857 ** 
Linear 1 45, .562 ** 3, .133 ** 0, .202 ** 0, .2601 ** 
Quadratic 1 10, .491 * 0, .555 ** 0, .051 ** 0, .1323 ** 
Error^  4 0, .029 0, .019 0, .004 0, .0005 
Harvest 5 0, .541 ** 0. 123 ** 0. 052 ** 0. 0110 ** 
N X H 10 0. 032 0. 022 * 0. 008 ** 0. 0011 ** 
K X H 10 0. 184 ** 0. 020 * 0. 002 0. 0054 ** 
Errorg 20 0. 027 0. 007 0. 002 0. ,0002 
+ significant at 0 .10 level 
* significant at 0 .05 level 
** significant at 0 .01 level 
Table 22. Analysis of variance for minor element cations expressed on 
a dry weight basis for Agrostis palustris foliage 
ppm Iron ppm Manganese ppm Copper ppm Zinc 
Source df Mean Square Mean Square Mean Square Mean Square 
Nitrogen 
Linear 
(2) 3387, .2 2417. 2 337, .24 ** 23. 35 
1 4815. 4 2160, .4 675, .08 ** 40. 03 
Quadratic 1 1959, .0 2603. 6 78, .93 6. 67 
Potassium (2) 4470, .7 6173. 2 * 94, .57 * 160. 79 + 
Linear 1 5012, .6 11664. 0 ** 187, .20 * 225. ,0 + 
Quadratic 1 3928, .8 588. 0 2, .46 147, .0 
Error^ 4 1306, .0 528. ,6 11. 30 31. 88 
Harvest 5 34222. ,8 ** 2613. .9 irk 50. 64 ** 1005. ,70 ** 
N X H 10 949. 6 545. 2 * 23. 06 ** 27. 84 * 
K X H 10 254. 7 624. 7 ** 56. 13 ** 6. 55 
Error,, 20 1033. 6 166. 2 4. 48 11. 30 
+ significant at 0 .10 level 
•k significant at 0 .05 level 
** significant at 0 .01 level 
Table 22. Analysis of variance for minor element cations expressed on 
a dry weight basis for Agrostis palustris foliage 
ppm Iron ppm Manganese ppm Copper ppn Zinc 
Source df Mean Square Mean Square Mean Square Mean Square 
Nitrogen (2) 3387. 2 2417, ,2 337. 24 ** 23. 35 
Linear 1 4815. 4 2160. 4 675. 08 ** 40. 03 
Quadratic 1 1959. 0 2603. 6 78. 93 6. 67 
Potassium (2) 4470. 7 6173. 2 * 94. 57 * 160. 79 + 
Linear 1 5012, .6 11664. 0 •kit 187, .20 * 225. 0 + 
Quadratic 1 3928. 8 588. 0 2, .46 147. 0 
ErrorA 4 1306. 0 528. 6 11. 30 31. 88 
Harvest 5 34222. 8 ** 2613. .9 ** 50, .64 ** 1005, .70 ** 
N X H 10 949. 6 545. 2 * 23, .06 ** 27. 84 * 
K X H 10 254, .7 624. 7 ** 56, .13 ** 6. 55 
Errorg 20 1033, .6 166, .2 4, .48 11, .30 
+ significant at 0.10 level 
* significant at 0.05 level 
** significant at 0.01 level 
Table 23. Analysis of variance for anion content expressed on a dry weight 
basis for Agrostls palustris foliage 
Percent Phosphorus ppm Boron ppm Molybdenum % Silicon 
Source df Mean Square Mean Square Mean Square Mean Square 
Nitrogen (2) 0 .0023 10 .89 13 .064 * 0, .0863 ** 
Linear 1 0 .0016 9 .33 19 .817 * 0, .1700 ** 
Quadratic 1 0 .0030 + 12 .45 6, .223 0 .0128 
Potassium (2) 0, .0047 * 126, .06 * 12, .914 * 0, .0923 ** 
Linear 1 0, .0081 * 190, .44 ** 21, .770 * 0, .1521 ** 
Quadratic 1 0, .0013 • 63, .48 * 4, .058 0, .0243 * 
Error^  4 0, .0006 8. 44 1. 285 0. 0028 
Harves t 5 0, .0073 ** 462. 49 ** 16. 338 ** 0. 1943 ** 
N X H 10 0, .0006 41, .84 ** 1. 576 ** 0. 0128 ** 
K X H 10 0. 0003 9, .21 0. 400 0, .0086 * 
Errorg 20 0, .0003 11. 66 0. 402 0. 0035 
+ significant at 0.10 level 
* significant at 0.05 level 
** significant at 0.01 level 
Table 24. Analysis of variance for percent ash content of Agrostis 
palus tris foliage 
Fresh Weight Basis Fresh Weight Basis 
Source df Mean Square Mean Square 
Nitrogen (2) 1. 126 31. 60 * 
Linear 1 2, .208 * 62, .33 * 
Quadratic 1 0. 548 1, .04 
Potassium (2) 0. 052 21, .81 
Linear 1 0. 085 30, .80 * 
Quadratic 1 0. 018 12, .85 
Err or 4 0. 205 . 3, .67 
Harvest 5 0. 100 11, .89 ** 
N X H 10 0, .122 3, .44 * 
K X H 10 0. 080 1, .60 
Errorg 20 0. 069 1. 40 
* significant at 0.05 level 
** significant at 0,01 level 
Table 25 Analysis of variance for percent total nitrogen in Agrostis 
palustris foliage 
Source df 
Fresh Weight Basis 
Mean Square 
Dry Weight Basis 
Mean Square 
Nitrogen 
Linear 
Quadratic 
Potassium 
Linear 
Quadratic 
Error^  
Harvest 
N X H 
K X H 
Errorg 
(2) 
1 (2) 
1 
1 
4 
5 
10 
10 
20 
0.00054 
0.00103 
0.00006 
0.00382 ** 
0.00608 ** 
0.00145 * 
0.00015 
0.00081 ** 
0.00047 ** 
0.00020 
0.00011 
0.00100 
0.00096 
0.00104 
0.00536 
0.00705 
0.00367 
0.00360 
0.19532 ** 
0.01393 ** 
0.00345 
0.00338 
* significant at 0.05 level 
** significant at 0.01 level 
Table 26, Analysis of variance for soluble nitrogen in Agrostis 
palustris foliage 
Fresh Weight Dry Weight 
Source df Mean Square Mean Square 
Nitrogen (2) 0.000044 0.00113 
Linear 1 0.000052 0.00031 
Quadratic 1 0.000032 0.00195 
Potassium (2) 0.000643 ** 0.00780 
Linear 1 0.001089 ** 0.01440 
Quadratic 1 0.000197 * 0.00120 
ErrorA 4 0.000018 0.00079 
Harvest 5 0.000507 ** 0.03482 
N X H 10 0.000084 * 0.00422 
K X H 10 0.000020 0.00087 
Errorg 20 0.000030 0.00110 
* significant at 0.05 level 
** significant at 0.01 level 
Table 27. Analysis of variance for percent soluble hexose in Agrostis 
palustris foliage 
Fresh Weight Basis Dry Weight Basis 
Source df Mean Square Mean Square 
Nitrogen (2) 0 .0284 2 .605 * 
Linear 1 0 .0507 + 4, .827 * 
Quadratic 1 0, .0056 0, .383 
Potassium (2) 0, .0324 0. 420 
Linear 1 0, .0252 0. 613 
Quadratic 1 0. 0397 + 0. 227 
Errors 4 0, .0085 0. 298 
Harvest 5 0, .3464 ** 12. 832 ** 
N X H 10 0, .0164 0. 684 
K X H 10 0, .0226 1. ,104 * 
Errorg 20 0. 0109 0, .377 
+ significant at 0.10 level 
* significant at 0.05 level 
** significant at 0.01 level 
Table 28. Analysis of variance of root diameter and leaf width for 
Agrostls palustris 
Root Diameter Leaf Width 
Source df Mean Square Mean Square 
Replicates 
Nitrogen 
Linear 
Quadratic 
Potassium 
Linear 
Quadratic 
N X K 
Error 
2 0.00004 0.0004 
(2) 0.04482 ** 0.6115 ** 
1 0.06200 ** 0.9631 ** 
1 0.02900 ** 0.2598 ** 
(2) 0.00183 1.1304 •k* 
1 0.00327 1.7672 ** 
1 0.00040 0.4935 ** 
4 0.00710 ** 0.1426 ** 
16 0.00075 0.0112 
** significant at 0.01 level 
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APPENDIX B; CHEMICAL METHODS 
120 
The procedure used for killing and extraction of soluble 
hexose and soluble nitrogen from Agrostis palustris foliage 
was similar to that given by Loomis and Schull (31). 
1. Fresh foliage samples were weighed and placed in one 
pint Mason jars with sufficient boiling 95 percent 
ethanol to give a final alcohol concentration of 80 
percent. 
2. Samples were simmered for 15 minutes on a steam 
bath, sealed in the jars, allowed to cool and placed 
in storage at -10° C. until extractions were made. 
3. Extraction was accomplished by first mascerating the 
tissue for 20 minutes in Waring blender and then 
filtering through #1 Whatman paper into a 1 liter 
filter flask using a water aspirator. 
4. The residue collected on the filter was transferred 
to a 33 X 80 mm Soxhlet extraction thimble and ex­
tracted for 4 hours with 300 ml. of 80 percent ethanol. 
5. The extracts from steps 3 and 4 were combined, cooled, 
made to a volume of 2 liters and 3 ml. of saturated 
lead acetate added to precipitate tannins, etc. 
6. The solution was then filtered into a dry flask 
containing sodium oxalate to remove this lead and 
decolorizing charcoal, bone black, added. The 
resultant slurry was allowed to stand 5 minutes and 
filtered into a dry filter flask. 
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7. The cleared extract was placed in a refrigerator until 
soluble nitrogen and hexose could be determined. 
8. The residue from the extraction procedure was washed 
three times with 100 ml. portions of absolute alcohol, 
ethyl ether (v/v), allowed to air dry, ground in a 
Wiley mill to pass an 80 mesh screen and saved for 
determination of cell wall fractions. 
Soluble hexose and hexulose sugars were determined on 
aliquots of the alcoholic extract using the modified anthrone-
sulfuric acid method of Loewus (29). 
1. Reagents: 2 percent anthrone dissolved in ethyl 
acetate and concentrated sulfuric acid Â.R. 
2. A standard curve was prepared using glucose concen­
trations of 0 to 80 mg./ml. 
3. 0.5 ml. of the cleared, alcoholic extract was placed 
in a 19 X 150 mm test tube and diluted with water 
to 2 ml. 
4. 0.5 ml. of anthrone reagent was added and then 5 ml. 
of concentrated sulfuric acid was "layered" into the 
tube, 
5. The layers were mixed together by gently swirling the 
tube until the ethyl acetate was hydrolyzed. 
6. The tubes were allowed to stand for 30 minutes and 
then the contents were transferred to Bausch and Lomb 
colorimeter tubes. 
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7. The optical density of the blue-green color which 
developed was measured at 620 mu in a Bausch and Lomb 
Spectronic 20* 
8. Hexose concentration of the samples were determined 
OD 
using the standard curve and the relationship: E = "C", 
where OD = optical density, C = concentration and 
£ = extinction coefficient. 
The residue of the alcoholic extraction procedure was par­
titioned into the various cell wall fractions by the method of 
Jermyn and Isherwood (21) as described by Paech and Tracey (41). 
1. 2-100 mg samples were taken from the residue for 
determination of volatiles and ash and for Kjeldahl 
nitrogen (40). 
2. A 10 gm samples of residue was accurately weighed into 
a 1000 ml. flask, 750 ml. of distilled water added and 
the mixture placed in a boiling water bath for 12 
hours. 
3. The mixture was filtered hot through a tared sintered-
glass funnel of medium porosity and washed with 3-200 
ml. portions of boiling water. 
4. The residue was washed with absolute alcohol: ethyl 
ether (v/v) and allowed to air dry. 
5. The residue was weighed and 2-100 mg samples removed 
to determine volatiles and ash and Kjeldahl nitrogen. 
The true weight loss was then calculated and reported 
